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ABSTRACT
I
The neutralization phenomenon is regarded to be of considerable import­
ance in acquired resistance to many infectious diseases * During convalescence 
from a particular disease or following deliberate immunization procedures 
the serum of man or animals acquires the property of specifically inhibiting 
or neutralizing the infectivity of the agent. When a suspension of virus is 
mixed in vitro with its specific immune serum and a susceptible host or 
tissue is inoc.ylated with the virus-serum mixture no detectable disease or 
recognizable lesions develop. The serum of non-immune animals does not have 
this specific neutralizing property.
Because of its high specificity the neutralization te3t has played an 
important part in the study of virus diseases. In the test, serum containing 
antibody is mixed with the homologous infectious agent and then inoculated 
into a susceptible host which serves as an indicator of specific neutraliza­
tion. The choice of an indicator host presents one of the greatest difficul­
ties. An ideal host would be one which has a low initial cost and upkeep 
together with high susceptibility to a large variety of infectious agents and 
no tendency to spontaneous infection. The embryonated hen»s egg meets these 
requirements in many respects.
Burnet (1939) devised a simple method for measuring antibody to herpes 
simplex virus using the chick embryo. This method is based on the fact that 
herpes virus produces discrete, pock-like lesions on the chorio-allantois.
The neutralizing power of a serum can be measured by comparing the number of 
pocks on chorio-allantoic membranes receiving a serum-virus mixture with the 
number of pocks on membranes receiving the virus alone and expressing the
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neutralizing capacity of the serum in terms of the percentage reduction in 
the number of pocks.
The purpose of this investigation was to evaluate the pock counting 
technique as a method for the estimation of the concentration of virus in a 
sample and for the measurement of neutralizing antibody in serum. A curvi­
linear relationship between the dilution of a sample and the number of pocks 
produced was found to exist. The initial dilutions of a virus sample were 
found to give low estimates of the virus concentration as the result of 
competitive exclusion between virus particles. All titration curves formed 
a peak or plateau where the most accurate estimate of the virus concentration 
could be made* This range of optimal dilution is determined by the concentra­
tion of virus in the sample.
The reliability of the pock counting method was found to compare favorably 
with that calculated for egg and mouse infectivity tests using influenza virus. 
It was found that a minimum end point difference of 0.4 log unit between 
two samples was significant at the 99*7 percent level of significance.
The results obtained show that a 2-fold change in serum concentration 
can significantly alter the pock count. Studies with undiluted serum indicate 
that 20 percent changes in serum concentration could produce significant 
differences in the pock count.
The pock counting technique has been used by others in studying the 
growth and mechanism of cell infection of herpes simplex virus. It should 
prove useful in studying the effect of chemical and physical agents on virus. 
Many other viruses grow well and produce easily recognizable lesions on the 
chorio-allantois. The pock counting technique has also been used with 
vaccinia, variola, cowpox, and ectromelia viruses.
vii
INTRODUCTION
The neutralization reaction utilizes a well recognized phenomenon 
exhibited in immunity to infectious diseases. It has been applied 
more extensively in the study of viruses than of bacteria. During 
convalescence from a particular viral disease or following deliberate 
immunization procedures the serum of man or animals acquires the proper­
ty of specifically inhibiting or neutralizing the infectivity of the 
agent. The reaction becomes demonstrable when a suspension of virus is 
mixed in vitro with its specific immune serum. When a susceptible host 
or tissue is inoculated with the virus-serum mixture no detectable disease 
or recognizable lesions develop. The serum of non-immune animals or 
that obtained before infection is established does not have this specific 
neutralizing property. The reaction involves the specific union of 
antigen and antibody. Under the conditions of the test this reaction is 
detected.in the absence of the development of one or more of the recog­
nizable manifestations of the disease process attributable to the 
particular infectious agent. The test provides a means for the specific 
identification of an unknown agent or for revealing the presence of a
specific antibody in convalescent or immune serum. Quantitative estima­
tions of antibody can be achieved by varying either the virus concentra­
tion or by serial dilution of the serum.
Sternberg(l) was the first to recognize this phenomenon in 1892. He 
mixed serum from calves convalescent from vaccinia with a suspension of the 
virus in the test tube. After a short incubation period the mixture was
inoculated into the scarified skin of susceptible calves. No recognizable 
lesions of vaccinia developed. Serum from non-immune calves did not have
this property of specifically inhibiting the infectivity of the virus. 
During the first decade of this century Beclere, Chambon, and Menard (2) 
and many others studied this reaction in great detail with vaccinia 
and its immune serum using the scarified rabbit skin as the test site.
For many years the phenomenon was referred to as the virucidal activity 
of immune serum. Later studies indicated that under specific conditions 
the reaction was 'reversible and not one in which the virus was rendered 
non-viable. Thus the term neutralization is considered to be more defini­
tive .
Applied to other viruses and rickettsiae a wide variety of specific 
immune bodies in the serum of man and animals have been identified by 
means of this reaction. The specific neutralizing property of immune 
serum is thus regarded as indicating past experience either by active 
or inapparent infection or by immunization with the agent inhibited 
when the test is appropriately performed. The neutralization phenomenon 
is regarded to be of considerable importance in acquired resistance to 
many infectious diseases.
Because of its high specificity the neutralization test has played 
an important part in the study of virus diseases. As a result, many 
modifications have been developed. Some provide a quick, simple means 
for screening large quantities of serum; others, while more complex and 
time consuming, are capable of detecting relatively small amounts of 
antibody; finally there are those which, although highly sensitive, are
suitable for experimental purposes only. In all cases the principle of 
the test remains the same. Serum containing antibody is mixed with the 
homologous infectious agent and then inoculated into a susceptible host 
which serves as an indicator of specific neutralization.
Under ideal conditions the test would involve a highly stable in­
fectious agent which in unit concentration is capable of producing a 
recognizable lesion or death in a susceptible host and a specific anti­
body which is also stable and occurs in immune serum in detectable 
amounts. Such conditions are rarely if ever fulfilled. The choice of 
an indicator host presents one of the greatest difficulties. Suscepti­
bility to infection, initial cost, and expense of maintenance are 
among the major influencing factors. The ease with which animals acquire 
subclinical infection must also be considered. For instance, Parker (3) 
was able to develop a highly accurate neutralization test for vaccinia 
virus in rabbits but the ease with which these animals acquire subclinical 
infection with the virus makes it necessary to use them immediately after 
delivery to the laboratory.
An ideal host, then, would be one which has low initial cost and up­
keep together with high susceptibility to a large variety of infectious 
agents and no tendency to spontaneous infection. . The embryonated henfs 
egg meets these requirements in many respects. Since the initial trans­
mission of the virus of fowl sarcoma to the chorio-allantois by Rous in 
1911 (4) this host has been adapted to a large variety of uses in the 
study of viruses (5, 6).
Burnet (1939) devised a simple method for measuring antibody to 
herpes simplex virus (7)» This method is based on the fact that herpes 
simplex virus produces discrete focal, pock-like lesions on the chorio- 
allantois of chick embryos. A fairly constant series of pock counts 
could be obtained from a suspension of virus and a direct correlation 
was found to exist between the dilution of a virus suspension and the 
number of pocks it produced. The neutralizing power of a serum could 
be measured by mixing a sample with virus, allowing it to stand for a 
prescribed length of time, and then inoculating the chorio-allantoic 
membrane of chick embryos with a measured amount of the mixture. 
Following incubation for 48 to 72 hours the number of pocks on membranes 
receiving the serum-virus mixture was compared with the number of pocks 
on those receiving the virus alone and the neutralizing capacity of the 
serum expressed as the percentage in reduction of the number of pocks.
Shaffer and Enders (8) reported that Burnet’s method was as sensi­
tive as intracerebral mouse inoculation in titrating virus suspensions. 
They concluded that the test was nob satisfactory for neutralization 
tests since ten-fold differences in concentration of serum could not be 
detected by this method. Burnet applied the technique to vaccinia virus 
and showed that a linear relationship between dilution and pock count 
existed when high dilutions of virus were used (9)* Buddingh utilized 
the pock counting technique in studying the antigenic relationships 
between chick embryo adapted and calf adapted strains of vaccinia and 
variola virus (10). More recently Buddingh and his coworkers used the 
method in detecting and measuring neutralizing antibody to herpes
simplex virus in various segments of the population (11). McCarthy and 
Downie (12) used the pock counting technique in studying the antigenic 
relationships between the viruses of variola, vaccinia, cowpox, and ectro- 
melia. Kilboume (13) reported that the progressive antibody increase in 
serum from a patient revealed by intracerebral titrations in infant mice 
was not disclosed by the pock counting method. Jawetz (14) found that the 
pock counting technique was more sensitive than yolk-sac inoculation in 
the detection of small amounts of virus, but that it was inferior to the 
yolk-sac route in measuring the neutralizing antibody content of serum.
Rose (1952) modified BurnetTs method by using the dilution of virus 
producing one or more lesions in 50 percent of inoculated eggs (ID^q ) as 
the endpoint (15) • He concluded that this modification was more reliable 
than the pock counting technique.
Scott and his coworkers (1953) applied the method of pock counting 
to the study of the growth curve of herpes simplex and concluded that 
the test was satisfactory, the results agreeing within one log unit of 
each other (16).
It is readily apparent that some technique employing absolute num­
bers rather than dilution factors as an indication of the concentration 
of virus in a sample would be highly desirable for exacting studies such 
as antigen-antibody relationships. The greater adaptibility of absolute 
values to statistical evaluation is readily appreciated. On the suppo­
sition that a technique such as Burnet*s pock counting procedure would 
provide a more exact means for a quantitative analysis of antigen- 
antibody relationships in herpes simplex and certain other viral infect-
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ions an extensive study of the technique to determine its scope and 
limitations was undertaken.
Materials And Methods
Strains of Herpes Simplex Used. Strain H.F. This strain was used 
in the form of mouse brain adapted virus and also as virus adapted to 
the chorio-allantois of the chick embryo. The mouse brain adapted strain 
was initiated with chorio-allantois propagated virus and maintained by 
serial passage intracerebrally in 6 to 8 week old C*F. strain of white 
Swiss mice. The chick embryo adpated H.F. virus originated as a lyophil- 
ized mouse brain suspension maintained at the Rockefeller Institute^ in 
rabbits and mice. It had been carried through 47 membranal passages in 
12 to 14 day old embryos.
Strain W*G* was a chick embryo adapted strain originally derived 
from the spinal fluid from a human case of herpetic meningo-encephalitis (17) • 
It had undergone 22 yolk sac and 16 chorio-allantois passages in the chick 
embryo.
Strain A.S. was a chick embryo adapted strain propagated through 18 
yolk sac and 15 chorio-allantois passages.
Virus Suspensions. Strict aseptic technique and bacterial culture 
control was maintained throughout in the preparation of the virus suspen­
sions. All suspensions were made in phosphate buffered saline* To protect
^The H.F. strain was kindly supplied by Dr. Peter Olitsky of the 
Rockefeller Institute.
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the viability of the virus during storage in the deep freeze 10 percent 
by volume of normal rabbit serum was added to all stock suspensions.
Mouse Adapted H.F. Strain. Brains from mice dying 3 or 4 days 
following intracerebral injection with 0.03 ml of a 1-100 virus infected 
brain suspensions were pooled, ground while frozen and brought to approxi­
mately 10 percent suspension by volume. After centrifugation at 1500 r.p.m. 
at 10 to 15 C. to remove coarse particles the supernatant was restored to 
its original volume with added buffered saline. Aliquots of the suspension 
were stored in the deep freeze until required. These preparations usually 
titered to about 3X10^ pocks per ml.
Chick Embryo Adapted H.F. Virus• Membranal lesions harvested 48 hours 
after inoculation of the chorio-allantois of 12 day old embryos were pooled 
and ground while frozen. The ground membranal material was then treated in
the same manner as described for the mouse brain propagated virus. These
suspensions usually titered to about 6X10^ pocks per ml.
Strains W*G» and A.S. These virus strains were in the form of amniotic
fluid collected from embryos dead 2 to 3 days after inoculation of the yolk 
3ac on the 8th day with 0.2 ml of a 1-10 dilution of infected amniotic 
fluid. Pools of bacteria free fluid to which 10 percent inactivated normal 
rabbit serum was added were divided into 1 ml aliquots and stored in the 
deep freeze until used. These preparations usually titered out to about 
3X10^ pocks per ml.
Immune Sera. Two forms of immune serum were used and compared: con­
valescent and hyperimmune. They were made against the W.G. and A.S. strains 
only.
Convalescent Serum. Obtained from rabbits 21 days following inoc­
ulation of the scarified cornea and the subsequent development of typical 
herpetic kerato-conjunctivitis. Of 4 rabbits inoculated with the W.G. 
strain only one survived encephalitis. Each of the 4 rabbits inoculated 
with the A.S. survived the infection*
Hyperimmune Serum. The animals surviving the herpetic kerato-con- 
junctivitis were subsequently given 6 intravenous injections with 0.1 ml 
of the appropriate virus suspension at 7 day intervals. Blood for serum 
was withdrawn 7 days after the last injection.
Virus And Serum Titrations. All titrations were performed on the 
chorio-allantois of 12 day old chick embryos. Dilutions were carefully 
prepared using a separate serological pipette for each dilution* Four 
to six embryos were inoculated with each dilution. Whenever a large 
number of eggs were inoculated the dilutions of virus were kept in an 
ice bath until used. Inoculations were made by evenly spreading from 
0*05 to 0.2 ml of virus suspension over the surface of the chorio-allantois 
of 12 day embryos exposed by the window method (18) by means of a 1 ml 
tuberculin syringe fitted with a 27 guage needle. Inoculated eggs were 
incubated for 48 hours at 35 C. The infected membranes were exposed by 
breaking away the overlying eggshell and the pocks counted with the aid 
of a dissecting microscope.
Neutralization Tests. Serum-virus mixtures were incubated at 37C. 
for 1 hour before inoculation of the chorio-allantoic membrane of 12 day 
embryos. The serum-virus mixtures were placed in an ice bath while 
awaiting inoculation. The method of inoculation and pock counting was
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identical to that used in virus titration experiments.
Titration Of Herpes Simplex Virus 
On The Chorio-allantois
Early attempts to employ the pock counting technique using egg adapted 
HF herpes met with immediate difficulties. Instead of discrete, focal 
lesions the virus invariably produced confluent reactions on the chorio-allan­
tois which could not be correlated to the dilution of virus sample. On the 
supposition that the HF strain might be over adapted to the chorio-allantois 
intracerebral passage in mice was carried out in order to obtain mouse adapted 
virus. The mouse brain adapted HF herpes virus proved to be more satisfactory 
because it produces discrete, countable foci on the chorio-allantois which 
can be more directly related to the dilution of virus. The results indicated 
that more discrete lesions were produced and a greater degree of correlation 
could be obtained if low concentrations of virus were used. Further exper­
iments revealed that the concentration of virus in a suspension was one of 
the major influencing factors determining the type of lesion produced on 
the chorio-allantois and the degree of correlation attainable between pock 
counts and dilution of virus. It was subsequently shown that suspensions 
containing very high concentrations of virus could be satisfactorily ti­
trated if a sufficiently wide range of dilutions was employed.
Table I shows the results of the titration of a sample of mouse a- 
dapted HF herpes virus on the chorio-allantois of 12 day chick embryos.
The mean or average count, standard deviation, standard error, and coeffi­
cient of variation have been calculated for each dilution of the sample.
TABLE I
Results Of The Titration Of Herpes Simplex Virus On The Chorio-allantoic Membrane Of
12 Day Old Chick Embryos.
Dilution Number Of Pocks
Per Membrane
Log. (0.2 ml. inoculum)
1:100 -2.0 250, 200, 300
1:200 -2.3 180, 210, 300, 150, 300
1:400 -2.6 200, 210, 300, 400, 250
1:800 -2.9 200, 275, 250, 300
1:1000 -3-0 250, 180, 130, 200, 150
1:1200 -3-08 146, 275, 120, 100




Number Of Pocks 
Per ML. 
Number Log*
S.D. c.v. S «E.
250 125,000 5-09 50.0 20 29.4
228 228,000 5-36 58.1 25 25.9
272 544,000 5-74 81.7 30 36-5
256 1,024,000 6.01 42.7 17 21.4
182 910,000 5*96 46*6 26 20.8
160 960,000 5-98 78.8 49 39-4
93 651,000 5.81 63.0 68 31-7
Ho
11
Figure 1 shows, the relationship of the mean or average count to the 
dilution of virus sample. The average count increases at first then de­
creases with progressive dilution of the virus. The rate of decrease in 
the average count changes with each dilution of the virus sample ranging 
from a slope greater than minus one to a slope of less than minus one.
This results in the curvilinear relationship between the total pock count 
and dilution of virus shown in figure 2.
The shape of the curve for the total pock count varies from one titra­
tion to another with regard to the sharpness of the peak. In many instances 
a plateau rather than a peak is formed by those dilutions giving the highest 
total counts. Figures 3 and 4 show titration curves for samples containing 
low and moderately high concentrations of virus respectively. Sample C in 
figure 3 shows only the decline phase of the titration curve. In figure 4
the curve for sample A with its plateau lies in sharp contrast to the other
two curves. However, an equally flat peak would have been obtained for 
sample B if dilutions of sample identical to those in sample A had been
chosen. It is apparent from figures 3 and 4 that the general contour of
the titration curves for herpes simplex virus is very similar regardless 
of the concentration of the viru3 in the sample and that the sharpness of
the peak is influenced to a large extent by the dilutions tested.
The Unreliability Of Low Dilutions Of Samples For The 
Estimation Of The Concentration Of Infectious Virus
The curve for the total count shown in figure 2 indicates that the 











DILUTION OF VIRUS SAMPLE (Log)
Fig. 1. Relationship of the average number of pocks per membrane to the 




















DILUTION OF VIRUS SAMPLE (Log.)
Fig* 2. Titration of herpes simplex virus on the chorio-allantois showing the 
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Fig* 3* Titration corves obtained from samples with low concentrations of virus 
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Fig. 4* Titration curves obtained from samples with high concentrations of virus 
showing the relationship of the total count to the dilution of virus sample.
Negative logarithm
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concentration. If the mean total count for the titration i3 arbitrarily 
calculated from dilutions 1-400 through 1-1400 the percentage deviation 
from the mean can be determined for each dilution of the sample as shown in 
figure 5* The three dilutions giving the highest total counts lie within 
two percent of the calculated mean. The reasons for the low estimates of 
virus concentration given by the initial dilutions of the sample are not com­
pletely clear. The confluent lesions obtained with suspensions containing 
high concentrations of virus suggest that a large number of virus particles 
initiate infection on a relatively confined area of membrane. Under these 
circumstances the number of infectious virus particles far exceeds the number 
of susceptible host cells so that the virus must compete for the available 
susceptible cells with the result that some of the particles fail to initiate 
infection. As a result of such competitive exclusion the number of lesions 
produced is less than the number of infectious particles actually inoculated 
on the membrane. That such competitive exclusion is taking place is further 
indicated by the initial increase in the average count as the virus is di­
luted out. It would appear that the pealc of the curve for the total count 
represents those dilutions where an optimal distribution of virus particles 
exists and where the influence of the factors leading to competitive ex­
clusion of infectious particles is at a minimum. The decrease in the total 
count following the peak of the curve can be explained partially by the pro­
gressively diminishing probability that the inoculum will contain proportionate 
numbers of infectious particles.
If the peak of the titration curve does represent an optimal dilution of 
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Fig. 5« Relationship of the percentage deviation from the average total pock 
count to the dilution of virus sample (derived from table l).
■* Negative logarithm
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of virus would give titration curves with peaks occurring at different dilu­
tions. Evidence to support this view was gained in the following manner.
A chorio-allantoic membrane suspension of mouse brain adapted HF herpes 
virus was divided into three aliquots. The first aliquot was retained at 
its original concentration of lO- -̂. The second aliquot was prepared as a 
1-30 dilution of virus and the third aliquot as a 1-60 dilution of virus. 
Thus the second aliquot contained one third as much virus as the original 
suspension and the third aliquot contained one sixth as much virus as the 
original suspension. The three aliquots were then treated as original 
suspensions at a dilution of 10“^ and series of dilutions designed to in­
clude the peak of the titration curve was prepared from each aliquot, ^he 
results are shown in figure 6. The peak of the curve for sample III lies 
within the lower range of dilutions. The peaks of the titration curves 
for sample II and sample I follow at higher dilutions. It is obvious 
from figure 6 that the range of dilutions at which the peak of a titra­
tion curve will occur is determined by the concentration of virus in the 
sample.
The Effect Of Varying The Inoculum On The Total Count
Dilutions of virus samples were prepared and inoculated in various 
amounts on the chorio-allantois of 12 day embryos. The total counts 
obtained with the various amounts of each dilution are presented in table 
II. The results are also shown graphically in figures 7-10. It is appar­
ent that the size of the inoculum markedly influences the total count.
Figure 7 shows well defined titration curves for all levels of inoculum.
DILUTION OF VIRUS SAMPLE (Log.)














Total Count Per Ml.
Ml. Of Inoculum 
0.05 0.10 0.20
Sample 2
Total Count Per Ml.
Ml. Of Inoculum 
0.05 0.10 0.20
Sample 3
Total Count Per Ml.
ML. Of Inoculum 
0.10 0.20
Sample 4
Total Count Per ML.
ML. Of Inoculum 
0.10 0.20
-1.7 4.94 4-71
-2.0 5.67* 5*23 5-09 5-51 5-31 4.92 4-86 5.08 4-81
-2.3 5-95 5.53 5-36 5-69 5-73 5-59 5-04 4.68 4.65 4.71
-2.6 6.23 5.93 5-74 6.05 5-85 5-75 5-20 4.61 4.49 4*68
-2.9 6.52 6.11 6.01 6.26 6.16 5-93 5-07 4.79 4-57 4-49
-3-0 6.38 6.19 5-96 6*44 6.04 6.17 4.70 4-97 4-58 4*60
-3.08 6.20 5-98 6.09 6.13 5.00 4*82 3-86 4*28
-3-15 6.12 5.81 5.19 4.94 4.45 4-54
-3.20 6.42 5.94
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Fig. 7* The influence of the size of the inoculum on the 
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Fig. 9* The influence of the size of the inoculum on the total pock count, 












2.9 3.0 I 3J5| 
308 3.2
2.62.0
DILUTION OF VIRUS SAMPLE (Log.)
Fig. 10. The influence of the size of the inoculum on the total pock count, 
(derived from sample 4 table IV).
* Negative logarithm
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In figure 8 the peaks of the curves had not been reached for the 0.05 ml 
and 0.1 ml inocula. Figure 10 shows the decline phase of the titration 
curves. It is interesting to note that at this stage the two curves are 
very close to one another. In all cases the size of the inoculum was in­
versely related to the highest total count obtained. It would 3eem that 
the greater area of membrane surface available when small inocula are 
used results in a larger number of particles initiating infection to 
produce discrete lesions. These results support the view that competitive 
exclusion must be taking place when a large number of virus particles are 
placed on a relatively limited area of chorio-allantois.
Titration Of Herpes Virus Using Different Sized Inocula 
At Various Ranges Of Dilution
Since competitive exclusion was apparently occurring at low dilutions 
of virus and probability factors were causing a decrease in the total 
count at the higher dilutions, it was reasoned that both difficulties could 
be overcome by using small inocula at the low dilutions and large inocula
at the high dilutions of virus. A mouse brain suspension of HF herpes con­
taining a moderate concentration of virus was titrated as indicated in 
table III. The average count was calculated for each dilution on the basis 
of 1 ml of sample. Inspection of table III shows a fairly close agree­
ment between dilutions with regard to the total count. This is indicated
by figure 11 where a line has been fitted to the values for the total
count by the method of least squares. The slope of -0.1207 is not far 
below zero where perfect correlation between dilution and total count would
TABLE III
T he  E f f e c t  O f  I n c r e a s in g  T h e  S iz e  O f  T he  In o c u lu m  W i th  I n c r e a s in g  D i l u t i o n  On T he
T i t r a t i o n  C u rv e  O f  A  V i r u s  S a m p le *  ,I
N um ber O f  P o c k s  P e r  M em brane
Dilution Of Virus Sample(Log.) 2-3 2.6 2.8 2.9 3-0 3*08 3.15 3.2 3*5
Amount Of Inoculum(Ml.) 0.1 0.1 0.1 0.2 0.2 0.2 0.4 0.4 0.4
134 196 64 58 86 53 108 59 21
124 189 56 89 54 82 97 88 46
142 62 120 82 132 57 87 78 72
178 112 68 72 88 82 98 112 48
236 128 55 64 82 64 77 56 40
198 140 78 55 72 42 68 48 99
184 148 86 80 84 72 78 68 25
135 120 40 116 78 48 84 122 24
192 92 78 92 d* 90 d 56 42
188 143 45 110 114 58 86 90 41
Average Count Per 0.1 Ml. 171 132 79 ;
Average Count Per 0.2 Ml. 82 88 65
Average Count Per 0.4 Ml. 87 78 46
Total Count Per Ml. (Log.) 5-53 5-7.2. 5*68 5-52 5-64 5-59 5-48 5.49 5-56
Coefficient Of Variation(^) 21 31 32 80 26 25 14 32 52
Standard Error 11 13 8 21 8 5 4 8 7
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Fig. 11. The effect of increasing the inoculum at various dilutions on the titration curve of a virus sample (derived from table VI)•
# Negative logarithm
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occur. Analysis of the data indicates that on the basis of the results 
obtained in table II 95 percent of the total counts obtained at the dilu­
tions used could be expected to fall within plus or minus 0.158 log of 
the line fitted to the points. While the curve for the total count was 
not completely flattened the results indicate that the factors influencing 
the shape of the curve were compensated for to a large extent.
The Variability Of The Individual Counts At Various Dilutions
It was shown in table I that the standard deviation of the pock counts 
differed for each dilution being smallest at the dilution giving the highest 
total count. The relationship of the coefficient of variation to the dilu­
tion of virus sample and the total count is shown in figure 12. While the 
coefficient of variation is at its lowest value at the peak of the curve 
it begins to increase thereafter and continues to increase with further 
dilution of the sample. It can be seen that some of the dilutions which 
are considered to give the most accurate estimates of the virus concentra­
tion show the highest coefficients of variation. Analysis of other titra­
tion curves revealed similar findings. Table IV shows that in general 
the coefficient of variation for the average pock count increases with 
dilution of the virus sample. The large values for the coefficient of 
variation which occur at high dilutions of virus can be accounted for on 
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Fig* 12* Relationship of the Coefficient of Variation to the total pock count, 




















T h e  R e la t i o n s h ip  O f  T he  C o e f f i c i e n t  O f  V a r i a t i o n  T o  T h e  D i l u t i o n  O f  T he  
V i r u s  S a m p le  A n d  T h e  A v e ra g e  N um ber O f  P o c k s .
Dilution Sample 1 Sample 2 Sample 3
Of
Coeff.Virus No. Avg. Total No. Avg. Total Coeff. No. Avg. Total Coeff
Sample Eggs Count Count Var. Eggs Count Count Var. Eggs Count Count Var.
(Log.) (Log) * (Log) * (Log) *
-1*7 5 138 4-54* 35 6 205 4-71 45
-2.0 7 56 4*45 62 4 116 4*76 22 6 128 4-81 37
-2.3 8 73 4*86 61 2 126 5*10 5 51 4*71 86
-2.6 7 86 5*24 63 8 99 5*30 71 4 24 4.69 57
-2.9 7 30 5.08 88 8 80 5-50 63 6 8 4*49 64
-3.0 5 8 4.60 90
-3-08 6 3 4*28 66
-3*15 6 0.5 4*54 165
-3*2 10 46 5*56 64 7 39 5*49 50
-3*5 7 24 5*59 92 9 11 5*25 42
-3.8 9 6 5*30 163 10 4 5*05 108
-4.1 9 0.4 4*45 166 9 2 5*15 124
^  L o g *  o r  o o ta x  c o u n t  p e r  m l
The Distribution Of The Individual Cotints Within A Dilution
Of Virus Sample
Although a small number of eggs were used for each dilution of the 
sample presented in table I experiments using larger numbers of eggs for 
each dilution indicate that the counts within a given dilution closely 
approximate a normal distribution. Table V shows the distribution of 
the counts obtained from a single dilution of virus sample when 12 day 
embryos were inoculated with 0.2 ml of virus suspension. The results, 
shown in figure 13, indicate a normal distribution of the counts.
The Titration Of Virus Samples By The Three Step Dilution Method
Since complete titration curves invariably formed either a peak 
or a plateau a method of titration designed to include only the peak 
or plateau seemed a more efficient and economical way of determining 
the concentration of virus in a sample. Because the titer of a virus 
suspension prepared in a given manner is fairly constant from one prepa­
ration to another it was possible to choose dilutions which should include 
the peak or plateau of the curve. Table VI shows representative samples 
of three step dilution curves. While some of the samples show very close 
agreement between dilutions with regard to the total count others show 
differences which are too large for satisfactory estimation of the virus 
concentration. In many cases the curve is still rising or is in the de­
cline phase, showing that the curve either has not reached its peak or 
that the peak has already been passed. In both instances one would ex­
pect to obtain a low estimate of the actual virus concentration. In spite
TABLE V
F re q u e n c y  D i s t r i b u t i o n  O f  P o c k  C o u n ts  I n  A S in g le  
D i l u t i o n  O f  A V i r u s  S a m p le .
Number O f Lesions Number O f
Per Membrane Membranes
60 to 79 5
80 to 99 11
100 to 119 16
' 120 to 139 9
140 to 159 4
160 to 179 3
180 to 199 3
Total Number O f Membranes 51
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Fig. 13• Frequency polygon showing the distribution of counts in a large sampling 
from a single dilution.
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TABLE VI
E s t im a t io n  O f  T h e  C o n c e n t r a t io n  O f V i r u s  I n  A  S a m p le  B y  T h e  T h re e  S te p  D i l u t i o n  M e th o d .
Sample 1 Sample 2 Sample 3
Dilution No• Avg. Total S »E. Dilution No. Avg. Total S «E. Dilution No• Avg• Total S «E»
Eggs No• Count Eggs No• Count Egg3 No. Count
(Log.) Pocks (Log) (Log.) Pocks (Log) (Log.) Pocks (Log)
-3.0 21 43 5.33* 6.4 -3.0 15 34 5-23 8.7 -3.0 15 17 4.93 2.5
-3-08 21 31 5.27 5-2 -3.08 18 48 5-46 7.8 -3-08 14 10 4-79 2.0
-3-15 25 27 5-28 4-8 -3.15 6 42 5-47 16.6 -3.15 11 14 4-99 4*6
Sample 4 Sample 5 Sample 6
Dilution No. Avg. Total S «E • Dilution No. Avg. Total S «E • Dilution No. Avg. Total S «E.
Eggs No. Count Eggs No• Count Eggs No. Count
(Log.) Pocks (Log) (Log.) Pocks (Log) (Log.) Pocks (Log)
-3.0 13 18 4*95 5-8 -3.0 11 48 5-38 6.3 -3-78 10 58 6-54 8.6
-3.08 9 7 4.61 1-7 -3.08 10 43 5-41 5-6 -3-90 12 21 6.22 3.6
-3-15 11 4 4*4L 1.2 -3.15 10 50 5-54 7.2 -4-0 10 48 6.68 5.8
*  L o g .  t o t a l  c o u n t  p e r  m l .
VjO■p-
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o f  th e  t im e  a n d  m a t e r ia l s  s a v e d  t h e  t h r e e  s t e p  d i l u t i o n  m e th o d  i s  n o t  
s a t i s f a c t o r y  f o r  e s t im a t in g  t h e  c o n c e n t r a t io n  o f  v i r u s  i n  a n t i g e n - a n t ib o d y  
s t u d i e s .
S e le c t i o n  O f A n  E n d  P o in t  When T i t r a t i n g  V i r u s  
B y  T he  P o c k  C o u n t in g  M e th o d
E x a m in a t io n  o f  t h e  v a r io u s  t i t r a t i o n  c u r v e s  p r e s e n te d  m akes i t  c l e a r  
t h a t  a  lo w  e s t im a te  o f  t h e  v i r u s  c o n c e n t r a t io n  w i l l  b e  o b ta in e d  i f  t h e  
t o t a l s  f o r  t h e  e n t i r e  ra n g e  o f  d i l u t i o n s  a re  in c lu d e d  i n  t h e  c a l c u l a t i o n  
o f  t h e  m ean t o t a l  c o u n t .  I t  i s  o b v io u s  t h a t  a  m o re  a c c u r a te  e s t im a t e  o f  
t h e  v i r u s  c o n c e n t r a t io n  c a n  be  o b t a in e d  i f  o n l y  th o s e  d i l u t i o n s  f o r m in g  th e  p e a k  
o r  p la t e a u  o f  t h e  c u r v e  a r e  c o n s id e r e d  i n  o b t a i n i n g  t h e  m ean t o t a l  c o u n t .  T he  
n u m b e r o f  d i l u t i o n s  w h ic h  a r e  t o  be  w e ig h e d  w i l l  v a r y  f r o m  o n e  t i t r a t i o n  t o  
a n o th e r  a n d  w i l l  be  d e te r m in e d  b y  t h e  sh a p e  o f  t h e  t i t r a t i o n  c u r v e .  I n  c a s e s  
w h e re  a  p la t e a u  i s  fo rm e d  o v e r  a  ra n g e  o f  t h r e e  o r  f o u r  d i l u t i o n s  t h e  c a lc u ­
l a t i o n  o f  th e  m ean t o t a l  c o u n t  w i l l  b e  s im p le .  When a  s h a r p  p e a k  o c c u r s  
some d i f f i c u l t y  i n  t h e  c h o ic e  o f  d i l u t i o n s  t o  b e  w e ig h e d  w i l l  be  e n c o u n te r e d .  
U n d e r  th e s e  c o n d i t i o n s  t h e  h ig h e s t  t o t a l  c o u n t  i s  lo c a t e d  a n d  a t  l e a s t  one 
a n d  p r e f e r a b l y  tw o  d i l u t i o n s  o n  e a c h  s id e  o f  t h e  p e a k  a r e  i n c lu d e d  i n  
c a l c u l a t i n g  th e  m ean t o t a l  c o u n t .
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The R e l i a b i l i t y  O f  T he  P o c k  C o u n t in g  T e c h n iq u e  I n  T i t r a t i o n s
O f  H e rp e s  S im p le x  V i r u s
Before the pock counting method could be used for comparing the amount 
of herpes virus in different samples it was necessary to determine the min­
imum end point difference required for significance. If duplicate titra­
tions are carried out on a group of samples and the difference between the 
first and second titration for each sample determined then the degree of 
sampling variation for the method may be calculated. Table VII shows the 
results of duplicate titrations on a group of both egg adapted and mouse 
adapted herpes virus. The mean difference between duplicate titrations was 
obtained and used in calculating the standard error of the difference be­
tween duplicate titrations. If a 99*7 percent level of confidence is desired 
then on the basis of table VII a minimum end point difference of 3 S.E.^ff. 
or 0*306 log unit between titrations would be required. The same statistical 
method may be used to compare successive dilutions of a single sample as 
shown in table VIII. The value for the is essentially the same as
that calculated in table VII. The sampling variation may be determined in 
another manner by pooling the variation of two samples as shown in table IX. 
The data represent duplicate titrations of a single sample and the mean total 
count for each titration indicates how close the results were. Inspection of 
table IX reveals that the individual variation in sample 1 was greater than 
that in sample 2. The standard error for the titration is comparable to 
those determined in tables VII and VIII. If the standard errors derived by 
various methods are combined an average S . E .  of 0.1205 log unit results.
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TABLE V I I
S ta n d a r d  E r r o r  O f T h e  D i f f e r e n c e  B e tw e e n  D u p l ic a t e  T i t r a t i o n s




















(d - d f  
.0529
n E52(MB39) 6.72 6.96 + .24 + .20 .0400
tt E57(MB32) 5-69 5.70 + .01 + .03 .0009
tt E57(MB29) 5.40 5*35 -.05 -.09 .0081
it E57(MB45) 6.06 6.14 + .08 + .04 .0016
Simpson E40 Y25 5-95 5.78 -.17 -.21 .0441
tt E41 Y26 6.75 6-58 -•17 -.21 .0441
tt E42 Y27 5.84 6.60 + .76 + .72 .5184
tt E42 Y27 6.60 6.50 -.10 -.14 .0196
tt E45 Y30 6.75 6.32 -.43 -.47 .2209
+ •44 •9506
* Mean difference from the mean ** +•44/10 a + .04





Standard error of the difference (S.E.^iff. )a S a .325 a .102
-\Jn 3 -162
^  L o g .  t o t a l  c o u n t  p e r  m l .
TABLE VIII
Standard Error Of The Difference Between Successive Dilutions Of A 
Sample In The Titration Of Herpes Simplex Virus.
L o g .  T o t a l  
C o u n t x2- xx
( d  -  d ) f t ( d  -  d )
O
L o g .  T o t a l  
C o u n t
*1
( L o g .  d i l .  -2.0)
d
( L o g .
*2
d i l .  -2.3)
409** + .23 + .06 .0036 4 *62
4*65 - + .30 + .13 .0169 4.95
4-70 + .20 + .03 .0009 4.90
3*78 + .96 + •79 .6241 4.74
3-78 
( L o g .  d i l .  -2.6)
+ .92 + .74 •5476
( L p g .
4.70 
d i l .  -2.9)
5-05 + .46 + .29 .0841 5-51
5.11 + .12 -.05 .0025 5.23
5.56 -.47 — *64 .4096 5.09
4.30 
( L o g .  d i l .  -3.2)
+ .15 -.02 .0004
( L o g .
4-45 
d i l .  -3.5)
4.9 8 -.08 -.25 .0625 4.90
5-58 -.47 - .64 .4096 5-11
5.68 + .22 + .05 .0025 5*90
5-20 + .76 + .59 •3481 5-96
5.60 + .08 -.09 .0081 5.68






ft Mean difference between successive dilutions (?) ■ d°° 2.75 » +*17
n “ 16
- d )2 




Standard'Error of the difference (S.E.^iff.) » s •=
aIF
•113
f t f t  R e p re s e n ts  t o t a l  c o u n t  p e r  m l .  f r o m  o n e  m em brane
TABLE IX
Standard Error Of The Titration Based On The Pooled Variation Of 
Corresponding Dilutions From Duplicate Samples*
Sample 1
L o g .  T o t a l  









































































s - |*(Xi- Xi)2 + i(HLo- Xo)2 = 1 2*9838 + 2.0733 - -365
I n * n - 2 | 20+20-2
S.Ê Xt *= S.E«Xp ** s ™ >365 a *082X >) So
* Represents total count per ml. from one membrane
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On this basis an end point difference of O.36 log unit would be required for 
significance at the 99*7 percent level of confidence. At the 95 percent 
level of confidence an end point difference of 0.24 log unit would be re­
quired for significance. An added degree of confidence can then be gained 
by rounding out these end point differences to 0*4 log unit and 0*3 log unit 
respectively. Thus at the 99*7 percent level of confidence a minimum differ­
ence of 0.4 log unit between the titers of two samples must occur for the 
samples to differ significantly. This relationship, shown in figure 14* is 
a linear one.
It can be shown that a difference of 0*4 log unit between two end points 
represents a difference of approximately 60 percent between their numbers re­
gardless of the magnitude of the values. A difference of 0*3 log unit 
between two end points represents a difference of approximately 50 percent 
between their numbers. These relationships can be used in setting up the 
standards for significant reduction in the number of pocks at various levels 
of confidence as indicated in figure 15* Conversion of the standards for 
minimum end point differences to percentage differences is especially useful 
in neutralization tests where comparisons between average counts rather than 
total counts are made.
M e a s u re m e n t O f  T he  N e u t r a l i z i n g  C a p a c i t y  O f  N o rm a l A n d  C o n v a le s c e n t  R a b b i t
S e rum  B y  T he  P o c k  C o u n t in g  T e c h n iq u e
N e u t r a l i z a t i o n  O f  H e rp e s  S im p le x  V i r u s  W i th  N o rm a l R a b b i t  S e ru m . B lo o d  
w as w i th d r a w n  f r o m  r a b b i t s  a n d  t h e  s e ru m  t e s t e d  f o r  n e u t r a l i z i n g  a n t ib o d y  t o  
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Fig. 15* Percent reduction in virus concentration necessary for significance 
at various levels of confidence.
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fresh state while the other aliquot was inactivated at 56C» for 30 minutes 
prior to the addition of virus. Both aliquots were diluted out a3 indicated 
in table X and mixed with an equal quantity of virus to a final dilution 
of 1-4000. Both serum-virus mixtures and the control were incubated at 
37 C. for 1 hour prior to inoculation on the chorio-allantois of 12 day 
chick embryos. The results are shown in table X. The individual pock 
counts for each embryo inoculated and the average pock count for each dilu­
tion of sample are presented. The percentage reduction indicated for the 
various dilutions of the serum samples is based on the average count for the 
control. If the standards for minimum end point differences shown in figure 
15 are applied then normal rabbit serum diluted 1-2 significantly reduced the 
number of pocks produced by herpes virus. By the same standards the heated 
rabbit serum showed no capacity for neutralizing herpes virus. To test the 
validity of the standards set up in figure 15 the probability values for 
the significance of the differences between various dilutions of normal un­
inactivated rabbit serum were derived by the Fisher t-test. The results 
show that even 50 percent reduction in the number of pocks is unquestionably 
significant. Since the percentage reduction (24$) in pock counts obtained 
with a 1-4 dilution of unheated serum was not significant it follows that 
no significant reduction was obtained with heated serum. The results in 
table X indicate that a 2-fold change in serum concentration can signifi­
cantly alter the pock count.
Neutralization Of Herpes Virus With Convalescent Rabbit Serum. Due 
to the relatively high neutralizing capacity of convalescent serum it 
wa3 found necessary to test it against high concentrations of herpes virus.
TABLE X
A Comparison Of The Neutralizing Capacity Of Fresh And Inactivated
Normal Rabbit Serum.
Fresh Serum Inactivated Control
Serum
Dilution undil.> 1-2 1-4 1-8 undil. 3.-2 1-4 1-4000
10 22 77 112 40 51 66 32
7 23 kb 51 161 42 155 61
1 3 26 71 37 65 92 3321 2 18 112 50 41 64 76
Pock 5 12 14 58 11 18 111 68
Counts 2 3 82 40 53 56 79 97




Per 0.1 ml 7 14 46 60 55 48 87 61Percent
Reduction 89 78 24 0 9 22 0
P value for undil. serum vs. control : .001> P
P value for undil. serum vs. dil. 1^2 : .01 > P > .001
P value for dil. 1-■2 vs. control : .001> P
P value for dil. 1--2 vs. dil. 1-4 : .01 > P > ..001
P value for dil. 1-4 vs. control : -3 > P > .2
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Table XI shows a neutralization test carried out with convalescent serum. 
Various proportions of undiluted serum were mixed with virus diluted to 10“ -̂. 
Although this concentration of virus gave confluent lesions on the chorio- 
allantois which could not be counted an estimate of the amount of virus pre­
sent at that dilution can be made on the basis of the mean total count for 
the titration. Table XI shows the advantage of using a wide range of dilu­
tions in the control. Although the first two dilutions gave unsatisfactory 
results the plateau of the curve was demonstrated. It is apparent that 
although the concentration of virus used in the test produced confluent 
lesions on the control embryos a sufficient amount of reduction in pock 
count occurred in the serum-virus mixtures to permit the production of 
countable foci. The results indicate that 20 percent differences in serum 
concentration were demonstrable but that 10 percent differences in serum 
concentration did not significantly alter the pock count under the conditions 
of the experiment. The probability values for the significance of the dif­
ference between means are larger than would be expected on the basis of the 
percentage differences in the samples compared. This indicates that the 
standard error is greater than usual for this method and stresses the import­
ance of applying a test of significance to each set of results. This is 
especially true when small samples are used.
TABLE XI
Measurement Of The Neutralizing Capacity Of Convalescent Rabbit
Serum To Herpes Simplex Virus.
Virus No. Average Average Log.
Dilution Eggs Pock Pock Total
Count Count Count
(0.2 ml) (0.1 ml) Per ml.
10-2 5 confluent
Virus ioi , 6 500+
Control 10-3 *6 5 243 6.6910-3*9 6 113 6.66





Plus 0.1 0.9 5 165
Conva­ 0.2 0.8 5 185
lescent 0.3 0-7 5 45
Serum 0.4 0.6 5 37
0.5 0.5 5 22
Serum 0.1 ml; Virus 0.9 ml
and .02 > P > .01
Significance Of The Serum 0.3 ml; Virus 0*7 ml 
Difference Between:
Serum 0*3 ml; Virus 0*7 ml
and .05 > P > .02
Serum 0.5 ml; Virus 0.5 ml
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DISCUSSION
The pock counting method should provide a means for the quantitative 
analysis of several aspects of the behavior of those viruses which produce 
focal lesions on the chorio-allantois of the embryonated egg. Under definite 
conditions it can be reasonably assumed that each lesion or pock represents 
initiation of infection by a single virus particle. The numerical value 
obtained by counting the pocks produced by a measured volume of a given 
dilution provides the basis for estimating the number of viable or infect­
ious particles in a particular sample. In this respect the method is 
comparable to the colony count as applied to bacteria or the plaque count 
to the bacteriophages.
In obligate parasitism exhibited by viruses the dynamics of the in­
fectious process which obtain in the host cell-parasite relationship 
greatly complicates procedures directed toward more exact quantitative 
analysis. The proportionate relationship between the number of infectious 
virus particles and the susceptible host cells is of prime importance. It 
is immediately apparent from the present study with herpes simplex virus 
that only under definite circumstances of dilution, the stage of embryonic 
development and the method of inoculation will the number of pocks provide 
a fairly accurate estimation of the number of infectious particles per 
given volume of virus suspension.
The titration of serial dilutions of herpes virus results in pock 
counts which seem to indicate that a curvilinear rather than a straight 
line relationship exists between the number of infectious units per volume
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and the number of lesions observed. Within limits concentrated inocula ini­
tiate relatively fewer numbers of lesions than less concentrated suspensions. 
This apparent paradox is largely determined by the proportion of infectious 
particles to the number of susceptible cells. This phenomenon has been 
recognized with other viruses, notably influenza, and is usually referred 
to as "auto-interference” . It seems that the term "competitive exclusion" 
more nearly indicates the underlying mechanism insofar as it applies to 
viable or infectious particles. Auto-interference would apply more specifi­
cally to the inhibition of invasion by infectious virus caused by the adsorp­
tion or absorption of inactive particles by susceptible cells. In concentrated 
inocula both mechanisms operate in providing falue low values for estimating 
total counts for infectious particles per unit of a given sample.
Only within a certain range of dilutions will the effect of "competitive 
exclusion" and "auto-interference" be sufficiently reduced or eliminated to 
provide reasonably accurate estimations. This range will vary from one 
sample to the next. Extremely high dilutions give false low total counts 
largely because of unavoidable unequal distribution of infectious particles 
in aliquots of a series of inocula.
In order, therefore, to achieve statistically reliable and reproducible 
results it is essential that a range of at least 6 two-fold dilutions of a 
sample be titrated respectively on the chorio-allantois of a series of 4 to 
6 twelve to fourteen day embryos each. When plotted the dilutions at the 
peak of the curve present counts from which the most accurate estimation of 
the number of infectious particles per unit volume can be estimated. These 
factors have not sufficiently been taken into account by other investigators
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of the method. For this reason the adaptation of the pock counting technique 
to the neutralization test has provided contradictory results* Furthermore 
comparison of results by different investigators are difficult to evaluate 
since no accurate estimation of the quantity of virus neutralized was made.
The statistical analysis of the results obtained in the present study 
indicates that the method can be brought to a much greater degree of relia­
bility than achieved by others. Burnet (7) found that at optimal dilutions 
a coefficient of variation of 30 percent was encountered. Scott (16) tested 
the reproducibility of a series of titrations and reported a much greater 
degree of variation than this study reveals. Others have been hesitant to 
apply quantitative comparisons because of the variability of the pock count­
ing method but presented no data showing the degree of variation encountered. 
When properly performed as described in this report the reliability of the 
pock counting method compares favorably with that calculated for influenza 
virus infectivity titrations in mice and embryonated eggs (19)•
The foregoing considerations are essential in the application of the 
pock counting method to virus neutralization by specific antiserum. Adequate 
control of the neutralization test by this method consists in performing a 
complete infectivity titration curve in order that the number of infectious 
particles neutralized per unit of antiserum can be estimated. Significant 
alterations in the pock count can be brought about in high as well as low 
concentrations of virus by small changes in serum concentrations. The 
observations of those who were unable to detect alterations in the pock 
count with 10-fold dilutions of serum are very likely due to failure to obtain 
accurate estimations of infectious particles per unit volume. The present
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results also point to the fact that the actual neutralizing capacity of a 
serum may best be estimated by the use of undiluted or slightly diluted 
serum. The dynamics of antigen-antibody union in undiluted serum undoubted­
ly differ from those which obtain when serum is diluted. The degree of 
resistance of an immune host is perhaps more actually exhibited in the 
neutralizing activity of the whole circulating blood and thus more nearly 
represented by the activity of undiluted serum.
It is therefore of considerable interest that preliminary observations 
presented here indicate that quantitation of the heat labile ’’natural11 neu­
tralizing capacity of serum can be made. This capacity very likely is of 
importance in resistance to naturally occurring infections. Further study of 
this phenomenon in relation to its possible enhancing effect upon acquired im­
munity can be undertaken on the basis of the methods and data presented.
The well recognized specificity of the neutralization reaction makes 
its application to the differentiation of strain variants and specific types 
of viruses of great importance. More accurate quantitative methods will pro­
vide better opportunities for specific characterization of strains and types 
by means of neutralization with homologous and heterologous antisera. Proper­
ly applied, accurate pock counts are more likely to elicit a broader spectrum 
of antigenic patterns and interelationships.
As already indicated the method is not restricted to herpes simplex virus. 
Valuable contributions have already been made in studies with variola, vaccinia, 
cowpox and ectromelia. Other viruses such as fowlpox, Newcastle disease, 
pseudorabies, and B. virus which produce focal lesions on the chorio-allantois 
can be subjected to extensive study by this method. Further development
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in studies of cell infection (7, 8) and of the growth curve (16,20,21,22) can 
be anticipated on the basis of the foregoing observations.
SUMMARY
The application of the pock counting technique to quantitative analysis 
of antigen-antibody relationships was investigated.
In the quantitation of virus, a curvilinear relationship rather than a 
straight line relationship was found to exist between the dilution of virus 
sample and the total number of pocks produced on the chorio-allantois. The 
dilutions producing the highest total pock counts were found to give the most 
accurate estimate of the concentration of virus in a sample.
The reliability of the pock counting method was found to compare favor­
ably with that calculated for influenza virus infectivity titrations in em- 
bryonated eggs and mice. A minimum end point difference of 0.4 log unit was 
found to be significant at the 99*7 percent level of confidence.
Neutralization tests performed with the pock counting procedure revealed 
that a 2-fold change in serum concentration can significantly alter the pock 
count. Preliminary observations indicate that the pock counting method may 
prove highly usefill in studying antigen-antibody relationships using undiluted 
immune serum.
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